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© A liquid crystal display which comprises an 
active matrix circuit board equipped with a 
plurality of transistors having a plurality of pixel 
electrodes arranged along a plurality of lines 
and rows and drains connected to these pixel 
electrodes, scanning lines for commonly con- 
necting gates of the transistors arranged along 
the lines, and signal lines for commonly con- 
necting sources of the transistors arranged 
along the rows, a substrate having a facing 
electrode, and a liquid crystal interposed be- 
tween the active matrix circuit board and the 
substrate the liquid crystal display being consti- 
tuted so that a voltage may be applied to reg- 
ions of a conductive mode which is different 
from a conductive mode of the sources and the 
drains of semiconductor layers constituting the 
transistors. 
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BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a liquid crystal 
display equipped with an active matrix circuit board. 

Related Background Art 

Heretofore, there has been suggested a liquid 
crystal display for displaying, for example, television 
images by the use of a high-density two-dimensional 
matrix liquid crystal display (an active matrix type liq- 
uid crystal display) In which a thin film transistor 
(TFT) is utilized. 

Under such circumstances, as a technique for re- 
alizing the liquid display of a high contrast by using 
the active matrix type liquid crystal display, a system 
has been prevalent in which pixel signals are written 
by the use of thin film transistors (poly-Si TFTs) in 
which semiconductor layers comprising a poly crystal- 
line silicon (poly-Si) are utilized. 

However, the liquid crystal display in which 
switching elements comprising the poly-Si TFTs are 
used has the following problems. 

(1) Since the poly-Si has a low carrier mobility, a 
high-speed switching operation is difficult, so 
that the number of the pixels for the liquid crystal 
display is limited, with the result that the liquid 
crystal display having a high resolution cannot be 
obtained. 

(2) A leakage current flows through grain boun- 
daries of the poly-Si between a source and a 
drain, and so a predetermined voltage cannot be 
held between pixel electrodes. In consequence; 
the contrast and gradation deteriorate. 

(3) The size, the orientation and the like of the 
poly-Si grains cannot be uniformly controlled, so 
that they are different in the respective TFTs. 
Thus, the threshold values of the transistors are 
uneven. In addition, change in properties with 
time also occurs. For these reasons, it is difficult 
to design a circuit or a panel using the TFTs. 

In order to solve the above-mentioned prob- 
lems, improvement has been made, for example, 
by enlarging the grain size of the poly-Si to 
heighten the carrier mobility from a conventional 
level, i.e., several-tens level (n-type TFT) to tens- 
hundreds level. 

However, if the grain size is enlarged and 
crystallinity is increased, the following problems 
arise. 

(4) The life of an impact-ionized poor carrier gen- 
erated by a high electric field at the drain terminal 
of the TFT is prolonged, and this poor carrier 
leads to the change of a potential in a TFT chan- 
nel division, whereby the leakage current of the 
TFT is newly generated. 



(5) Furthermore, in order to relieve the above- 
mentioned high electric field, a silicon (Si) layer 
constituting the TFT is required to be thickened, 
and in such a case, the leakage current caused 
5 by a defect of an Si side wall of the TFT increases. 

Moreover, in the case that the TFTs are used in 
the display, a light leakage current caused by light 
leaked into the pixel TFTs is more easily generat- 
ed. 

10 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a 
liquid crystal display which can solve the above- 
15 mentioned problems and which can exert a high con- 
trast, a high gradation and a high resolution. 

Another object of the present invention is to pro- 
vide a liquid crystal display having a high reliability 
and a high yield. 
20 Still another object of the present invention is to 

provide a TFT structure and its peripheral structure 
for realizing the liquid crystal display having the 
above-mentioned excellent characteristics. 

The present invention has been attained by inten- 
25 sively conducting investigation with the intention of 
solving the above-mentioned problems, and it has the 
undermentioned constitution. 

That is to say, according to the present invention, 
there is provided a liquid crystal display which com- 
30 prises an active matrix circuit board equipped with a 
plurality of transistors having a plurality of pixel elec- 
trodes arranged along a plurality of lines and rows 
and drains connected to these pixel electrodes, scan- 
ning lines for commonly connecting gates of the tran- 
35 sistors arranged along the lines, and signal lines for 
commonly connecting sources of the transistors ar- 
ranged along the rows; a substrate having a facing 
electrode; and a liquid crystal interposed between the 
active matrix circuit board and the substrate. The liq- 
40 uid crystal display being constituted so that a voltage 
may be applied to regions of a conductive mode which 
is different from a conductive mode of the sources 
and the drains of semiconductor layers constituting 
the transistors. 
45 The liquid crystal display of the present invention 

includes a liquid crystal display, wherein capacitors 
have one terminals connected to the drains of the 
transistors, and the other terminals not connected to 
the drain but connected to the regions (hereinafter 
so also referred to as "wells") of a conductive mode dif- 
ferent from a conductive mode of the sources and the 
drains of semiconductor layers constituting the tran- 
sistors. 

In the liquid crystal display of the present inven- 
55 tion, a poor carrier generated in a high electric field 
or a light carrier generated owing to light leakage 
flows to a power source connected to the wells, so 
that the fluctuation of a well potential does not occur. 
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In consequence, a TFT leakage current is much 
smaller as compared with a conventional case, so 
that the signal of the pixel electrodes does not 
change, thereby realizing a high contrast and a high 
gradation. s 

Furthermore, in the case that the terminals con- 
stituting the capacities are connected to the drains of 
the transistors, the potential change of the pixel elec- 
trodes can be further prevented by the capacities, 
even if the similar leakage current of the TFTs is gen- 10 
erated. In consequence, the high contrast and the 
high gradation can be realized. 

In general, if such a constitution is employed, 
connections to the power source increase to deterior- 
ate an aperture ratio. In the liquid crystal display of 15 
the present invention, however, the power source of 
the capacities are made common to the power source 
of the wells of the semiconductor layers constituting 
the TFTs, whereby the connections can be simplified. 
In consequence, the high aperture ratio can be ach- 20 
ieved, and the clear liquid crystal display can be ob- . 
tained. 

Moreover, the liquid crystal display of the present 
invention has excellent characteristics such as a low 
flicker, good temperature properties, a stable opera- 25 
tion, a clear display due to the increased aperture ra- 
tio, the enlargement of a view angle, the decrease of 
image deterioration by external light and a good com- 
patibility with a panel having a large number of the 
pixels. In addition, when the semiconductor layers 30 
having the formed transistors comprise the poly-Si or 
a single crystal Si, for example, a shift register, a bias 
regulating circuit, a gain regulating circuit or the like 
can be arranged on the periphery of the liquid crystal 
panel, so that the manufacturing cost of the panel can 35 
be decreased. 

The liquid crystal display of the present invention 
having the above-mentioned excellent characteristics 
can be applied to an electronic view finder for VTR in- 
corporated into a camera, a display panel for a com- 40 
puter or a word processor, a head mounted display, a 
display panel for projection TV, a display panel for a 
meter such as an oscilloscope, a display panel for a 
handy terminal, a display panel for TV conference and 
TV telephone, and the like. 45 



Fig. 4 is an equivalent circuit illustrating another 
embodiment of the liquid crystal display of the pres- 
ent invention. 

Fig. 5 is an equivalent circuit illustrating still an- 
other embodiment of the liquid crystal display of the 
present invention. 

Fig. 6 is a schematic view illustrating another em- 
bodiment of the active matrix circuit board which can 
be applied to the liquid crystal display of the present 
invention. 

Fig. 7 is an enlarged view in which a region A in 
Fig. 6 is enlarged. 

Figs. 8A to 8J are schematic views illustrating 
one embodiment of a manufacturing process of the 
liquid crystal display of the present invention. 

Figs. 9A to 9E are schematic views illustrating 
another embodiment of a manufacturing process of 
the liquid crystal display of the present invention. 

Fig. 10 is a schematic view illustrating still an- 
other embodiment of the active matrix circuit board 
which can be applied to the liquid crystal display of 
the present invention. 

Figs. 11 A is a schematic view illustrating a further 
embodiment of the active matrix circuit board which 
can be applied to the liquid crystal display of the pres- 
ent invention. 

Fig. 11 B and 11 C are sectional views taken along 
the line Y-Y* of the circuit board shown in Fig. 11 A. 

Fig. 12 is a schematic view illustrating another 
embodiment of a constitution of the liquid crystal dis- 
play of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Next, the present invention will be described in 
more detail with reference to typical examples, but 
the scope of the present invention should not be lim- 
ited to these examples. The present invention also in- 
clude conceptions in which constitutional require- 
ments are modified or replaced in contrast to known 
techniques so long as the objects of the present in- 
vention can be accomplished. 

Example 1 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an equivalent circuit illustrating one em- 
bodiment of a liquid crystal display of the present in- so 
vention. 

Fig. 2 is a schematic view illustrating one em- 
bodiment of an active matrix circuit board which can 
be applied to the liquid crystal display of the present 
invention. 55 

Fig. 3 is a schematic view illustrating one em- 
bodiment of a constitution of the liquid crystal display 
of the present invention. 



One embodiment of a liquid crystal display of the 
present invention will be described with reference to 
Fig. 1. 

Fig. 1 is an equivalent circuit for a liquid crystal 
display of the present invention. In Fig. 1, reference 
numeral 1 is a liquid crystal layer, numeral 2 is a fac- 
ing electrode arranged on a substrate facing to an ac- 
tive matrix circuit board on which a TFT is placed, 1 1 , 
1 2 and 1 3 are signal lines, and 21 and 22 are scanning 
lines. Numerals 31 and 32 are power source lines for 
fixing the potential of TFT wells, and they are con- 
nected in common in a periphery of a display region 
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and further connected to a power source terminal 33. 
Numerals 41, 42 and 43 are sampling transistors, 51 
is a horizontal signal line, 61 is a horizontal shift reg- 
ister, and 71 is a vertical shift register. 

Numerals 111, 112, 113, 121, 122 and 123 are 5 
gate electrodes of the TFTs placed in pixel divisions, 
and these gate electrodes are connected to the scan- 
ning lines 21, 22. 

Numerals 211 , 21 2, 21 3, 221 , 222 and 223 are re- 
gions (wells) other than sourcestdrains of semicon- 10 
ductor layers constituting the respective TFTs, and 
these wells are connected to the power source lines 
31, 32. 

Numerals 311, 312, 313, 321, 322 and 323 are 
sources of the respective TFTs, and they are connect- 15 
ed to the signal lines 11, 12 and 13, respectively. 

Numerals 411, 412, 413, 421, 422 and 423 are 
drains of the respective TFTs, and they are connected 
to pixel electrodes 511, 512, 513, 521, 522 and 523, 
respectively. 20 

With regard to the TFT, n-type (n-channel MOS) 
and p-type (p-channel MOS) are both usable. In the 
active matrix type liquid crystal display, a voltage ap- 
plied between the pixel electrode and the facing elec- 
trode is usually about ±5 V, and between the source 25 
and the drain, a voltage of about 10 V is applied. 
Therefore, from the viewpoint of voltage resistance, 
the p-type TFT having a small impact ionization rate 
is preferable. 

The operation of the liquid crystal display of this 30 
embodiment will be described. A video signal from a 
solid imaging device, a broadcast or the like is input 
to the horizontal signal line 51. 

Fig. 1 shows an example in which only one hori- 
zontal signal line is present, but in the case of a color 35 
display or the like, a plurality of horizontal signal lines 
of desired colors for a red signal, a blue signal, a 
green signal and the like may be arranged. 

The video signals input to the horizontal signal 
line 51 are selected in turn in compliance with scan- 40 
ning pulses from the horizontal shift register 61 by the 
respective sampling transistors 41, 42, 43. 

On the other hand, in the case of a line to which 
signals should be written by the vertical shift register 
71 , for example, a line corresponding to the scanning 45 
line 21 , pulses by which the TFTs of the pixel divisions 
are switched on are applied to the scanning line 21. 

In consequence, the input video signals are writ- 
ten in turn to the pixel electrodes 511,51 2, 51 3 via the 
signal lines 11,12,13. Therefore, in the case that the so 
TFTs placed in the pixel divisions are the p-type, a vol- 
tage is applied from the power source terminal 33 so 
that a well potential may be more than a maximum of 
the amplitude of the video signals. Furthermore, in 
the case that the TFTs are the n-type, a voltage is ap- 55 
plied from the source terminal 33 so that the well po- 
tential may be less than a minimum of the amplitude 
of the video signals. 



Immediately when one H period (one horizontal 
scanning period) has elapsed, the potential of the 
scanning line 21 is regulated by the vertical shift reg- 
ister 71 to be at a level at which the TFTs in the pixel 
divisions are switched off. The same drive is carried 
out for the line of the next scanning line 22. 

Fig. 2 shows a plan view of an active matrix circuit 
board which can be applied to the liquid crystal dis- 
play of the present invention. 

In Fig. 2, the same parts as in the equivalent cir- 
cuit shown in Fig. 1 are represented by the same ref- 
erence numerals as in Fig. 1. 

The signal line 11 is connected to the p + layers 
311 , 321 of the source divisions of the TFTs via con- 
tacts. Similarly, the signal line 12 is connected to the 
p + layers 312, 322 via contacts. 

The signal lines 11, 12 are made up of a metal 
wire of Al, Al-Si, Al-Si-Cu or the like. 

In this embodiment, the p + layers 311, 611, 312, 
612 are each arranged in the vicinity of the center of 
the source*drain division of the semiconductor layer 
constituting the TFT, and n + layers 1011, 1012 having 
a high concentration are each arranged in its periph- 
ery. These highly concentrated layers are held suffi- 
ciently apart from each other in consideration of vol- 
tage resistance. In the case of this embodiment, a 
space of 1 .5 to 2.5 um is given between these layers. 

In Fig. 2, the n wells are present between the p + 
layers 311, 611, 312, 612 and the n + layers 1011, 
1012, and for the relief of an electric field between the 
n + layer and the p + layer, p~ layers may be formed in 
the peripheries of the p + layers. 

The signals fed to the signal lines 11, 12 are 
transmitted through the sources to the drains of the 
TFTs which can be operated via the scanning line 21. 
In Fig. 2, p" layers 1111, 1112 are formed between the 
sources and gates, and between the drains and the 
gates in order to relieve the electric field between the 
sources and the gates and between the drains and 
the gates. Thus, even at a high voltage drive, for ex- 
ample, even at a level of 1 0 to 1 6 V, a sufficiently sta- 
ble and reliable operation can be achieved. The scan- 
ning lines 21 , 22 are usually made up of a poly-Si, but 
in order to obtain the high-speed drive and satisfac- 
tory shading on the scanning lines, it is desirable to 
use a polysilicide such as tungsten polysilicide, tita- 
nium polysilicide or molybdenum polysilicide. 

On the drains, drain electrodes 711, 712 are ar- 
ranged, and they are connected to the p + layers 611, 
612, respectively. The drain electrodes are made up 
of layers of the same wires as the signal lines, and the 
semiconductor divisions constituting the TFTs are 
covered with these wiring layers and the scanning 
lines, whereby the semiconductor divisions constitut- 
ing the TFTs are shaded. Asignal voltage is transmit- 
ted to the pixel electrodes 511 , 512 via through-holes 
811, 812. 

This example is characterized in that, as shown 
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in Fig. 2, the n + layers 1011, 1012 having a high con- 
centration d are arranged in the peripheries of the 
semiconductor divisions constituting the TFTs, and 
these n + layers are also arranged along the signal 
lines to connect the n + layers to a desired power 5 
source, thereby taking the well potential of the TFTs. 

A sectional view cut along the line Y-Y in Fig. 2 
is shown in Fig. 3. In Fig. 3, the semiconductor layer 
constituting the TFT is placed on a glass substrate 3, 
and in the periphery of the semiconductor division 1 o 
constituting the TFT of the semiconductor layer, the 
n + layer 1011 is arranged. 

Since the TFT having a p-type channel structure 
is used in the liquid crystal display shown in this draw- 
ing, the semiconductor layer comprises the n-type 15 
well, and since the semiconductor layer and the n + 
layer 1011 have the same kind of conductive mode, 
there is no problem, even if the highly concentrated 
n + layer 1011 is not always diffused to a boundary be- 
tween the n + layer 1 011 and the glass substrate 4. 20 

In the liquid crystal display of this embodiment, 
there is employed a structure in which no junction re- 
gion is present in the periphery of the semiconductor 
layer, and thus any current is not generated from a de- 
fective layer which is formed in the case that the ju no 25 
tion region is placed, so that the TFT in which a leak- 
age current is inhibited can be obtained. 

Next, the layer constitution of the liquid crystal 
display shown in Fig. 3 will be described. 

After the source 311, the drain 611 and the like 30 
are formed on the semiconductor layer, the gate 21 
which is used together with the scanning line and an 
intertayer insulating layer 4 are formed. The interlayer 
insulating layer can be made up of an SiN film formed 
by the use of a vacuum CVD method, PSG which is 35 
a phosphorus-doped glass, or a boron phosphorus- 
doped glass. 

By the way, the warpage of the liquid crystal dis- 
play panel is very important to uniformize a liquid 
crystal gap with the intention of obtaining a suitable 40 
display image. A laminate which can be used to con- 
stitute the liquid crystal display panel is prepared by 
superposing films having tensile stress or compres- 
sive stress upon each other. The films obtained by the 
above-mentioned vacuum CVD method have the 45 
strength tensile stress, and so the warpage of the liq- 
uid crystal display panel can be controlled by regulat- 
ing the thickness of these films to a desired value. Nu- 
merals 11 and 711 are metal wiring layers, but in order 
to sufficiently heighten the adhesive state of the met- so 
al wiring layers, it is desirable to form BPSG under the 
metal wiring layers. The metal wiring layers are each 
preferably prepared by superposing a film of Ti, Ta, 
TiW, Mo, TIN, TaN or the like upon a wire of Al, Al-Si, 
Al-Si-Cu or the like. The thus prepared metal wiring 55 
layers are desirable, because the contact resistance 
of ITO or the like which becomes the pixel electrode 
is low, and ohmic properties and stability can be ob- 



tained. 

After a wiring step, the insulating layer of PSG or 
the like is deposited to flatten an etch back and the 
like. After the through-hole 811 is formed, the pixel 
electrode 511 is formed by a sputtering process. 

Prior to the film formation of a transparent elec- 
trode ITO (indium tin oxide) for the pixel electrode by 
the use of the sputtering process, the surface of the 
metal wire is preferably cleaned by presputtering. 
This cleaning operation realizes a good ohmic con- 
nection between the pixel electrode 511 and the met- 
al wiring layer 711 which is the drain electrode. 

After the patterning of the pixel electrode, a pas- 
sivation film is formed, and a polyimide film is then 
applied thereonto as a liquid crystal orientation film. 
For the orientation, rubbing is used. The orientation 
film may comprise a one-layer structure or a multi- 
layer structure by which a view angle is enlarged. 

On the other hand, a facing substrate is constitut- 
ed by the following procedure. A layer 10 for shading 
a step portion of the TFT is formed on the glass sub- 
strate 200, while a space between the pixels is regu- 
lated, and color filter layers 9 are patterned so as to 
be separated by the pixels, as shown in Fig. 3, where- 
by a problem of color mixing between the color filters 
can be avoided. 

On the color filter layer 9, a transparent electrode 
which is a common electrode and an orientation film 
8 are formed to obtain the facing substrate. Between 
the thus obtained facing substrate and the active ma- 
trix circuit board, a liquid crystal 7 is confined to con- 
stitute the liquid crystal display panel. In Fig. 3, polar- 
izing plates and the like are not shown, but the polar- 
izing plates are arranged on the outer surfaces of 
both the substrates. 

In this embodiment, a voltage is applied to a sem- 
iconductor layer region having the same conductive 
mode as in the well of the semiconductor constituting 
the TFT to fix a well potential. Then, on the side wall 
of the semiconductor region constituting the TFT, an 
impurity region having a conductive mode opposite to 
the sourcetdrain is formed. 

According to the above-mentioned constitution, 
the leakage current of the TFT can be reduced, so that 
the display having a high contrast and a high grada- 
tion can be realized. In addition, defects due to dam- 
age caused at the time of a manufacturing process 
can be decreased, and the liquid crystal display panel 
which exerts a stable operation can be obtained in a 
high yield. 

Example 2 

An embodiment of a liquid crystal display shown 
in Fig. 4 will be described. 

Fig. 4 shows an equivalent circuit, and in Fig. 4, 
the same parts as in an equivalent circuit shown in 
Fig. 1 are represented by the same reference numer- 
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als and their detailed description will be omitted. 

The liquid crystal display of this embodiment is 
different from a liquid crystal display of Example 1 in 
that wires 34, 35 for fixing a potential in a region (well) 
having a conductive mode different from that of a 5 
source»drain of a semiconductor layer constituting a 
TFT are arranged along scanning lines 21, 22, and a 
common connection is made in the periphery of a pix- 
el panel, and video signals are sampled by the use of 
CMOS analog switches 44, 45 and 46. 10 

In the case that the liquid crystal display panel is 
driven, it is effective for the inhibition of flicker that the 
voltage to be applied to the liquid crystal every line is 
reversed. In this case, a strong electric field takes 
place in a line direction extending between the pixel 15 
electrodes on each line, i.e., a longitudinal direction, 
so that a line defect called discrimination occurs, with 
the result that blank areas appear irrespective of the 
voltage to be applied to the pixel electrode and con- 
trast deteriorates. Therefore, for the liquid crystal dis- 20 
play capable of displaying an image with a high con- 
trast, it is important that a space between pixel aper- 
ture regions in the longitudinal direction is set so as 
to be wider than in the transverse direction. According 
to this embodiment, the wires 34, 35 for fixing the well 25 
potential are arranged in a horizontal direction, so that 
the region where the blank areas tend to appear is ef- 
fectively shaded, and the reverse drive is also possi- 
ble. In consequence, the pixel display having the 
good contrast and the less flicker can be realized. 30 

In the liquid crystal display of this embodiment, 
the sampling of the video signals is carried out by the 
use of the CMOS analog switches 44, 45 and 46, and 
the well potentials of the CMOS analog switches are 
also set to suitable values for the n-type and p-type 35 
TFTs, respectively. Reference numerals 36 and 38 
are wires for fixing the well potentials, and numerals 
37 and 39 are power sources for these wires. 

Although not clearly shown in Fig. 4, well poten- 
tials of transistors used in peripheral circuits such as 40 
vertical and horizontal shift registers are also set to 
suitable values. 

According to the above-mentioned constitution, 
the video signals can be sampled and fed to the signal 
lines independently of threshold values of the sanv 45 
pling transistors and the like, and therefore a panel 
drive voltage can be lowered to enhance reliability 
owing to the enlargement of a voltage resistance mar- 
gin and to increase the freedom of the design of per- 
ipheral circuits. In addition, the freedom of connec- 50 
tions to other ICs increases, and the decrease of cost 
can also be achieved. 

Example 3 

55 

An embodiment of a liquid crystal display shown 
in Fig. 5 will be described. 

Fig. 5 shows an equivalent circuit, and in Fig. 5, 



the same parts as in an equivalent circuit shown in 
Fig. 1 are represented by the same reference numer- 
als and their detailed description will be omitted. 

This embodiment is characterized in that capaci- 
ties 1211, 1212, 1213, 1221, 1222, 1223 for holding 
a voltage in each pixel are installed, and terminals of 
these capacities are connected to the drain electro- 
des of TFTs and the other terminals of these capaci- 
ties are connected to electrodes 34, 35 having a well 
potential of the TFTs. 

In general, the potential of the drain terminal of 
the TFT changes owing to the responsibility of the liq- 
uid crystal, deflection caused by on and off of the TFT 
and a leakage current of the TFT. 

In particular, it is difficult to solve problems raised 
by these causes, and so an image quality often dete- 
riorates. On the contrary, in the constitution of this 
embodiment, the sufficient capacities which are not 
affected by these causes are arranged in pixel dh/H 
sions, whereby a good and stable image display can 
be realized. 

The structure of the liquid crystal display of this 
embodiment will be described with reference to a plan 
view shown in Fig. 6. In the liquid crystal display panel 
shown in Fig. 6, signal lines 11, 12 are arranged, while 
shifted as much as a 1/2 pixel every line for the pur- 
pose of the improvement of resolution and coloring 
properties, and these signal lines are non-linear. 

Source divisions 311, 312, drain divisions 611, 
612 or gate divisions are arranged, being protruded 
from scanning lines 21, 22, and the arrangement di- 
rection of the source*drain extends along the scan- 
ning lines. 

A signal voltage from the signal lines 11, 12 is 
transmitted to the sources 311 , 312 of the TFTs, re- 
spectively, and when the voltage by which the TFT is 
switched on is applied to the scanning line 21 , it is for- 
warded to the drain divisions 611, 612. Fig. 7 shows 
a detailed view of a periphery of a region surrounded 
by a dotted line A. Description will be made with ref- 
erence to Fig. 7 in addition to Fig. 6. 

In the periphery of the source division#drain divi- 
sion of the TFT, a highly concentrated impurity layer 
1301 having the same conductive mode as in a well 
is formed in upward, downward, right and left direc- 
tions except a part of a lower portion in which an 
opening 1800 of a panel, the source division, the drain 
division, the scanning line and the signal line are ar- 
ranged. 

As shown by numeral 1303 in Fig. 6, the potential 
contacts a wiring layer in the periphery of the panel 
opening 1 800, so that it is f ixed. On the highly concen- 
trated impurity layer 1301, a capacity forming mem- 
ber 1 303 is formed via an insulating layer. The capaci- 
ty forming member 1 303 is made up of a poly-Si poly- 
silicide, a high-melting metal or the like. This capacity 
forming member 1 303 is used to form the capacity be- 
tween the capacity forming member 1303 and the 



11 



EP 0 661 582 A2 



12 



highly concentrated impurity layer 1301. 

The signal forwarded to the drain division is fed 
to the capacity forming member 1303 at a contact di- 
vision via the wire. 

Thus, one terminal of the capacity forming mem- 
ber 1 303 is connected to the drain division of the TFT, 
and the other terminal of the capacity forming mem- 
ber 1303 is connected to the well division of the TFT. 

Although not shown in Figs. 6 and 7, a shading 
layer is formed on the front side of this paper except 
the portion of the opening 1800. The shading layer 
can be made up of an insulating layer or a conductive 
layer. In this embodiment, a TaN film is used. In this 
case, the TaN film is a conductive layer, and therefore 
if the TaN film contacts the drain or the pixel elec- 
trode, the signal is not transmitted to the pixel elec- 
trode. Accordingly, a hole 1422 is formed around a 
through-hole 1522 for connecting the pixel electrode 
to the drain division. 

According to the above-mentioned structure, the 
pixel electrode potential is more stable, and a high- 
quality image display can be realized. 

Next, a preparation method of the active matrix 
circuit board used in the embodiment will be descri- 
bed with reference to Figs. 8Ato 8J and 9Ato 9E. Figs. 
8A to 8J describe a serial of preparation steps, and 
Figs. 9A to 9E describe one embodiment of a process 
for forming a semiconductor layer on an insulating 
substrate. 

As shown in Fig. 8A, a semiconductor Si layer 
3001 was formed on a glass substrate 3. 

The semiconductor layer may be made of a sub- 
stance such as GaAs in the group III to V, or a sub- 
stance in the group II to VI, in addition to Si. In the 
case of a poly-Si, its thickness is preferably as thin as 
1 00 to 700 A. An amorphous Si is deposited from an 
Si 2 H 6 material gas by a vacuum CVD method at 
450°C, and a heat treatment is then carried out at 
600°C for 24 hours in N 2 , whereby solid phase crys- 
tallization is done. Furthermore, the heat treatment is 
carried out at 1050°C in O z to improve crystallinity. 

Alternatively, the poly-Si film may be formed 
from an SiH 4 material gas at a temperature of 500 to 
600°C, and the ion injection of Si may be then done 
to bring the poly-Si film into a state close to an amor- 
phous state. Afterward, the film may be subjected to 
a heat treatment at 500 to 700°C for 50 hours. 

In the case of a single crystal, its thickness is pre- 
ferably as thick as 1000 to 8000 A, but this value is 
not restrictive. The single crystal was formed as fol- 
lows. In the first place, an oxidized Si wafer or an Si 
wafer was integrally stuck on a quartz glass wafer in 
a clean atmosphere. Afterward, it was subjected to an 
anneal treatment at a temperature of 150 to 200°C 
and then ground by a grinder so that the thickness of 
an Si layer might be 100 to 200 urn. Next, the anneal 
temperature was raised up to 300°C, and etching was 
then carried out with a TMAH (tetramethyl ammonium 



hydroxide) etching solution so that the thickness of 
the Si layer might be about 0.5 urn. After thus thinned 
by the etching, the Si layer was subjected to the an- 
neal treatment at 1000°C again to heighten boarding 

5 strength. In the case of such a process, the internal 
uniformity of the Si thin layer depends largely upon 
the precision of the grinder inconveniently. 

For the avoidance of this inconvenience, a tech- 
nique shown in Figs. 9A to 9E can be utilized. This 

10 technique will be described with reference to Fig. 9A 
to 9E. 

A current of about 1 A is allowed to flow through 
a hydrofluoric acid-ethanol mixed solution in which an 
St wafer 4001 is immersed, thereby forming a porous 

15 layer 4002 having a thickness of about 15 on the 
surface of the Si wafer 4001 (Fig. 9A). Afterward, the 
porous layer is washed and then oxidized at 400°C for 
20 minutes in an oxygen atmosphere, and the resul- 
tant surface oxide layer is removed in a diluted hydro- 

20 fluoric acid solution. The treated wafer thus obtained 
is placed in a vacuum CVD device, and a heat treat- 
ment is then carried out at 1100°C for 7 minutes in an 
H 2 atmosphere. Afterward, an epitaxial Si film 4003 
having a thickness of 0.5 to 1 \xm is allowed to grow 

25 at 900°C on the porous Si layer 4002 (Fig. 9B). Even 
on the porous layer, the high-quality epitaxial film can 
grow, if the diluted hydrofluoric acid and the H 2 an- 
neal treatment are given. As in the above-mentioned 
example, this wafer is bonded to a quartz glass 4006 

30 (Fig. 9C), and the annealing and the etching of the 
non-porous layer 4001 are repeated. In this case, the 
quartz glass 4006 to be bonded may be replaced with 
an Si wafer 4004 on which an oxide film 4005 is 
formed. For the removal of the non-porous layer 4001 

35 of Si, grinding or polishing may be used instead of the 
etching. 

When the thickness of the non-porous layer 4001 
of Si becomes about 150 urn, the remaining Si layer 
is removed with a hydrofluoronrtic acetic acid solu- 

40 tion. At this time, the porous Si layer 4002 is exposed, 
with the result that its surface blackens, whereby it is 
apparent that the etching progresses to such a level 
that the porous Si layer 4002 is reached. Instead of 
this process, the polishing grinder may be used to ex- 

45 pose the porous layer. After the porous layer 4002 
has been exposed, the porous layer 4002 is removed 
by etching in a hydrofluoric hydrogen peroxide solu- 
tion (Fig. 9D), whereby the single crystal Si layer 4003 
having a uniform thickness can be formed on the 

so glass substrate 4006 (Fig. 9E). 

As described above, the glass substrate 4006 
may be replaced with a laminate substrate obtained 
by forming the oxide film 4005 on the Si wafer 4004. 
In this case, if the Si wafer 4004 is partially etched to 

55 become light-transmittable, the thus etched Si wafer 
can be applied to the liquid crystal panel. Also by the 
above-mentioned procedure, the semiconductor thin 
film 3001 can be formed on the insulating substrate 
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3 (Fig. 8A). 

Next, as shown in Fig. 8B, an oxide film 1601 and 
an SiN film 1602 were formed except the partial re- 
gions of an opening region and a wiring region, fol- 
lowed by a heat treatment, whereby as shown in Fig. s 
8C, the region of the Si layer in which the oxide film 
1601 and the SiN film 1602 were not formed was oxi- 
dized to form a field oxide film 1603. 

As shown in Fig. 8D, a resist mask 3002 was 
placed, and the field oxide film 1 603 which was a part 10 
of the wiring region was removed. After the removal, 
ions of arsenic or phosphorus were injected through 
this resist mask 3002 to form an n + layer on an Si thin 
film edge 1604. This step is not always necessary, 
and so if a low cost is required, the step may be omit- 1 s 
ted. 

Next, as shown in Fig. 8E, a highly concentrated 
impurity layer 1605 for fixing the well potential of the 
TFT was formed. In order to lower the resistance of 
the highly concentrated layer and to shorten, to the 20 
utmost, the diffusion length of a light earner due to 
leakage light, it is desirable that the highly concentrat- 
ed impurity layer 1605 reaches an insulating layer 
and the concentration is 10 19 enr 3 or more. Next, as 
a member for forming the scanning line, the gate line 25 
and the capacity of the TFT, a poly-Si film was depos- 
ited after the formation of a gate oxide film, followed 
by patterning (Fig. 9F). Numeral 1606 is a member for 
forming the capacity (corresponding to 1303 shown in 
Fig. 6), 1607 is a gate of the TFT, and 1608 is a poly- 30 
Si for a scanning line region. 

As shown, if possible, the scanning line 1608 
should not be formed on the Si semiconductor layer 
to lower a parasitic capacity. The scanning line is ar- 
ranged between the semiconductor layers, and there- 35 
fore a step also decreases, so that an orientation fail- 
ure reduces. Next, the above-mentioned poly-Si was 
used as a mask, and p~ layers 1609 were formed be- 
tween the gate and the drain and between the gate 
and the source so as to relieve an electric field. 40 

As shown in Fig. 8G, p + layers 1610 which be- 
came the source and the drain were formed, and in 
this case, these layers were offset as much as 1 to 1 .5 
urn to the gate 1607, and a distance from the n + layer 
1 605 was set to 1 .5 to 2.5 um. In consequence, a vol- 45 
tage resistance of 30 V or more could be realized 
which was sufficient for liquid crystal drive. After the 
annealing of the p + layers 1610 of the source«drain, 
an SiN film 1611 having a thickness of 4500 A and a 
BPSG 1612 having a thickness of 2000 A were formed so 
by the use of a vacuum CVD method. According to the 
SiN film, tensile stress can be obtained, and this film 
is effective to regulate the warpage of the laminate 
film. The control of the warpage is important to uni- 
formize a liquid crystal gap. The BPSG has an advan- 55 
tage that metal wiring thereon can be formed with a 
good adhesion. 

Contact holes were formed at positions repre- 



sented by reference numeral 161 5 of the inter layer in- 
sulating layer comprising the SiN film 1611 and the 
BPSG 1612, and a wiring layer 1613 was deposited. 
The wiring layer 1613 was made from, for example, 
Al-Si, Al-Si-Cu or the like, and on the wiring layer 
1613, a layer 1614 was formed and in this case, as 
materials for the layer 1614, there can be used TIN, 
TaN, Mo, TiW, Ti, Ta and the like (Fig. 8H). This con- 
stitution can improve contact properties with a trans- 
parent electrode, is effective for the prevention of hil- 
lock to the upper layers and the improvement of shad- 
ing, and can improve a yield. 

As shown in Fig. 81, after the deposition of a PSG 
and the application of a resist, the insulating layer on 
the wiring was flatened by etching back, and the PSG 
was then deposited thereon again to form an insulat- 
ing layer 1 61 6 having a total thickness of about 1 0000 
to 13000 A. 

In general, in the liquid crystal display panel, the 
shading is carried out by forming a shading layer on 
the facing substrate, but in this case, an aperture ratio 
decreases in view of a position deviation from the ac- 
tive matrix circuit board on which the TFTs are placed. 
Here, a shading layer represented by reference nu- 
meral 1617 was formed on the active matrix circuit 
board on which the TFTs are placed. In consequence, 
the shading layer can be formed with an alignment 
precision of a usual semiconductor process. For ex- 
ample, even in the panel having a level of 3,000,000 
pixels in 0.7 inch, an aperture ratio of 30% can be ob- 
tained. As understood from the position of the shad- 
ing layer 1617 in Fig. 81, a region which contacts the 
pixel electrode is open. 

Next, as shown in Fig. 8 J, after a PSG 1618 hav- 
ing a thickness of 1000 to 2000 A was deposited, a 
through-hole 1522 through which the pixel electrode 
contacts the drain division is formed by etching, and 
a transparent electrode ITO 1619 for the pixel elec- 
trode was deposited. In order to obtain a good ohmic 
contact, it is important to remove the insulating layer 
formed on the wiring by presputtering the through- 
hole division, prior to this deposition. 

After the patterning of the transparent electrode 
1619, a PSG film 1620 having a thickness of about 
8000 A was deposited as a passivation film. Here, if 
a step is present at the edge portion of the opening 
region, a blank area is formed, and therefore it is de- 
sirable to flatten this PSG. Furthermore, if a passiva- 
tion film on the pixel electrode alone is removed, bak- 
ing properties are improved, thereby providing a sta- 
ble displaying. And, connections of an electrode pad 
and a light shielding layer to the power source are 
formed at a periphery of the pannel. The connection 
is not shown in the drawings. In this connection, the 
sectional shown in Fig. 8J corresponds to the section 
of the substrate cut along the line X-X' shown in Fig. 
7. 

Afterward, although not shown, a polyimide film 



8 



15 



EP 0 661 582 A2 



16 



having a thickness of about 500 A is formed, followed 
by a rubbing treatment was carried out to do an ori- 
entation treatment. In this case, for the improvement 
of the view angle of the liquid crystal, it is also effec- 
tive to form a plurality of orientation films and a plur- s 
ality regions having different pretilt angles. 

In the liquid crystal display of this embodiment 
using the active matrix circuit board described above, 
the leakage current of the TFTs could be further re- 
duced, and the stability of the pixel potential could 10 
also be improved, whereby a good image display 
could be realized. In addition, as understood from 
Figs. 81 and 8 J, the field oxide film 1603 in the open- 
ing region was thick, and a flat constitution was real- 
ized. In consequence, any blank area was not pres- is 
ent, and a high contrast and a high aperture ratio 
could be realized. 



Example 4 
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Description will be made with reference to Fig. 
10. Fig. 10 shows a plan view of an active matrix cir- 
cuit board used in a liquid crystal display panel of this 
embodiment In Fig. 10, reference numerals 1721, 
1722 are scanning lines of lines, numerals 1711, 1712 25 
are signal lines, 1 731 is a p + layer of a source division 
for connecting the signal line to a TFT, 1 732 is a p + lay- 
er of a drain division of the TFT. Reference numeral 
1733 is a p" layer formed to relieve an electric field of 
the source and a gate as well as the drain and the 30 
gate, and to relieve an electric field of the source and 
a well as well as the drain and the well. Numeral 1734 
is a highly concentrated layer having the same con- 
ductive mode as in the well, and in this embodiment, 
it is a n + layer. Numeral 1 735 is a contact hole for con- 35 
necting the drain to a poly-Si (not shown) on the n + 
layer, and 1736 is a through-hole for connecting the 
drain to a pixel electrode (not shown). As shown by 
numeral 1 737, the gate of the TFT which can be used 
in this embodiment is divided into two on the side wall 40 
portion of the semiconductor layer, and the highly 
concentrated layer 1734 is placed between them. As 
described above, the main position of the current 
leakage in the TFT is the side wall portion. According 
to the above-mentioned structure, the gate of the side 45 
wall portion is doubled so as to have a redundancy, 
and even if the leakage occurs by a defect or the like 
at one gate, the leakage can be prevented by the 
other gate. 

Heretofore, the constitution simply comprising 50 
two gates as the redundant gate has been used, but 
if such a constitution is taken, a channel division of 
the TFT becomes a series connection, and its resis- 
tance increases twice as compared with the case of 
one gate. 55 

Therefore, the writing of the signal is correspond- 
ingly slow, and the size of the TFT also increases and 
there is a drawback that a practical aperture ratio is 



low. If the constitution of this embodiment is used, the 
leakage current is prevented more effectively than in 
the case that the double gate is used, and the channel 
resistance of the TFT is low as in the case of the single 
gate. Thus, the writing speed is high, and the TFT 
leakage is also low. In consequence, a high-quality 
image display can be realized, and the aperture ratio 
is high and a clear display is possible. 

As also understood from Fig. 10, the highly con- 
centrated impurity layer n + represented by the numer- 
al 1734 and the gate 1737 are arranged suitably apart 
from each other, and voltage resistance of the chan- 
nel produced at the time of ON of the gate and the 
above-mentioned n + layer can be set at a sufficiently 
high level, whereby a high reliability could be ob- 
tained. 

Furthermore, as shown by numerals 1738, 1739 
in Fig. 10, a metal layer is formed as a wiring layer or 
a shading layer with an edge oversize of the semicon- 
ductor layer. According to the present structure, the 
shading metal is also arranged on the side wall por- 
tion of the semiconductor, so that there can be exert- 
ed an effect that the deterioration of contrast does not 
occur by light leakage. 

Example 5 

Description will be made with reference to Figs. 

IIA, 11Band11C. 

Fig. 11A is a plan view of an active matrix circuit 
board used in a liquid crystal display panel of this em- 
bodiment, Fig. 11 B is a sectional view cut along the 
line Y-Y' in Fig. 11 A, and Fig. 11C is a sectional view 
of its variant. Reference numeral 1811 is a signal line, 
numeral 1831 is a p + layer constituting a source divi- 
sion, 1832 is a p + layer constituting a drain division, 
1 835 is a contact division to a poly-Si 1838 forming a 
capacity, and 1836 is a through-hole for connecting 
the drain division to a pixel electrode 1839. 

In the above-mentioned example, a well potential 
is drawn from a semiconductor layer on which the 
drain, the source and the well of a TFT are formed, 
and then fixed, but in this embodiment, a poly-Si layer 
1 837 which is different from the semiconductor on 
which a transistor is formed is used as a wire for f being 
the well potential, and this point is different from the 
above-mentioned example. In this structure, a highly 
concentrated impurity layer 1840 is formed in a self 
alignment with a direct contact 1 841 by diffusion from 
the poly-Si layer 1837. Therefore, the semiconductor 
layer area of the TFT can be reduced, and a liquid 
crystal display which could prevent light leakage 
could be realized. Moreover, as understood from Fig. 

IIB, in this structure, as shown by numerals 1837, 
1 838, the two poly-Si layers are formed, and the ca- 
pacity is formed between these two poly-Si layers. 
The poly-Si layers for setting this well potential are 
not constituted of the poly-Si singly, and they may 
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comprise a mixture of a metal and Si such as a poly- 
silicide layer. 

As shown in Fig. 11C, in the poly-Si 1838 of the 
second layer, a drain division 1842 is also formed by 
direct contact, and contact with the pixel electrode is 5 
also directly carried out on the poly-Si 1838 without 
using an Al sire. In this case, on the poly-Si surface, 
a Ti layer is formed, and Ti silicide or the like is formed 
by a heat treatment, so that a good ohmic contact can 
be realized. ?o 

According to the above-mentioned constitution, a 
space between the drain division and the pixel elec- 
trode contact can be decreased, and the clear panel 
having a high aperture ratio can be realized. In Fig. 
11 C, the contact and the through-hole of numerals 15 
1842 and 1843 are formed in different positions, but 
if they are arranged in a longitudinal direction, a far- 
ther high aperture ratio can be achieved. 



Example 6 



Claims 

1- Aliquid crystal display which comprises an active 
matrix circuit board equipped with a plurality of 
transistors having a plurality of pixel electrodes 
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Description will be made with reference to Fig. 
12. Fig. 12 is a schematic view of a liquid crystal dis- 
play of this embodiment In Fig. 12, reference numeral 
1901 is a facing substrate, numeral 1902 is a layer 25 
comprising a color filter, a shading film (black 
stripes), a facing electrode, an orientation film and 
the like arranged on the substrate. 

Reference numeral 1903 is a liquid crystal layer, 
numeral 1 904 is an orientation film, 1 905 is a wire for 30 
fixing a well potential of a TFT and is formed on the 
side of the liquid layer from the well 1918 via an Insu- 
lating layer 1908. Numeral 1906 is an insulating layer, 
and 1907 is a transparent electrode which becomes 
a pixel electrode. This pixel electrode is connected to 35 
a drain 1 91 0 of the TFT by an electrode 1 909. Numer- 
al 1911 is a source region of the TFT, 1912 is a signal 
line wire, 1913 is a gate of the TFT, and 1914 is an in- 
terlayer insulating layer. Numeral 1917 is a shading 
layer,and 1915isaresinforstickingaglasssubstrate 40 

1916 and a thin film having the TFT together. 

As understood from Fig. 12, the wire 1 905 for fix- 
ing the well potential of the TFT and the pixel elec- 
trode 1907 form a capacity via an insulating layer 
1 906, whereby the potential of the pixel electrode be- 45 
comes extremely stable and a good pixel display 
could be realized. In addition, the wire 1905 for fixing 
the well potential of the TFT cut external light from an 
LC side, and therefore the shading of the TFT is pos- 
sible on both the sides of the TFT by the shading layer 50 

1917 and the wire 1905 for fixing the well potential. 



55 



arranged along a plurality of lines and rows and 
drains connected to these pixel electrodes, scan- 
ning lines for commonly connecting gates of said 
transistors arranged along said lines, and signal 
lines for commonly connecting sources of said 
transistors arranged along said rows; a substrate 
having a facing electrode; and a liquid crystal in- 
terposed between said active matrix circuit board 
and said substrate: said liquid crystal display be- 
ing constituted so that a voltage may be applied 
to regions of a conductive mode which is different 
from a conductive mode of said sources and said 
drains of semiconductor layers constituting said 
transistors. 

2. The liquid crystal display according to Claim 1 
wherein capacities connected to said drains of 
said transistors are installed, and the terminals of 
said capacities not connected to said drains are 
connected to the regions of the conductive mode 
which is different from the conductive mode of 
said sources and said drains of said semiconduc- 
tor layers constituting said transistors. 

3. The liquid crystal display according to Claim 1 
wherein the application of said voltage is carried 
out via layers containing at least semiconductor 
layers having the same conductive mode as in 
said regions. 

4. The liquid crystal display according to Claim 2 
wherein said capacities are held via semiconduc- 
tor layers for the formation of said capacities hav- 
ing the same conductive mode as in said regions, 
and a voltage is applied to said semiconductor 
layers. 

5. The liquid crystal display according to Claim 4 
wherein the semiconductor layers containing said 
regions and the semiconductor layers for the for- 
mation of said capacities are layers continuously 
formed. 

6. The liquid crystal display according to Claim 1 
wherein the source*train regions of said transis- 
tors are not installed at the edges of the semicon- 
ductor layers forming said transistors. 

7. The liquid crystal display according to Claim 1 
wherein metal layers cover the edges of the sem- 
iconductor layers forming said transistors. 

8. The liquid crystal display according to Claim 1 
wherein the application of the voltage to said re- 
gions is carried out via semiconductor layers 
other than the semiconductor layers having the 
same conductive mode as in said regions and 
containing said regions. 
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9. The liquid crystal display according to Claim 1 
wherein each wire of said gates is divided into plu- 
ral portions at the edge of said semiconductor 
layer. 

10. The liquid crystal display according to Claim 1 
wherein said semiconductor layers are made up 
of polycrystailine silicon or single crystalline sili- 
con. 

11. The liquid crystal display according to Claim 1 
wherein said transistors are thin film transistors. 



22. The liquid crystal display according to Claim 1 
wherein the application of said voltage is carried 
out via wires incorporated into said active matrix 
circuit board. 

23. The liquid crystal display according to Claim 22 
wherein said wires have a shading function for 
said transistors. 



12. The liquid crystal display according to Claim 11 

wherein the central portions of said sources and 1 s 
the central portions of said drains are made up of 
p + layers. 



13. The liquid crystal display according to Claim 12 

wherein p + layers are arranged in peripheries of 20 
the central portions of said sources and the cen- 
tral portions of said drains. 



14. The liquid crystal display according to Claim 13 

wherein p~ layers are arranged between said 25 
sources and said gates and between said drains 
and the gates. 



15. The liquid crystal display according to Claim 11 

wherein n + layers are arranged in peripheries of 30 
regions constituting said thin film transistors of 
said semiconductor layers. 



16. The liquid crystal display according to Claim 15 

wherein said n + layers are connected to a power 35 
source. 



17. The liquid crystal display according to Claim 16 
wherein said n + layers are arranged along said 
signal lines. 40 

18. The liquid crystal display according to Claim 16 
wherein said n + layers are arranged along said 
scanning lines. 

45 

19. The liquid crystal display according to Claim 10 
wherein the thickness of said semiconductor lay- 
ers made of said polycrystailine silicon is in the 
range of from 100 to 700 A. 

50 

20. The liquid crystal display according to Claim 10 
wherein the thickness of said semiconductor lay- 
ers made of said single crystalline silicon is in the 
range of from 1000 to 8000 A. 

55 

21. The liquid crystal display according to Claim 1 
wherein said gates are made of polycrystailine 
silicon. 
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